Purpose To report daily total fluid intake (TFI) and fluid types in Indonesia according to age, sex, socio-economic status (SES) and geographic region, and compare TFI with the Indonesian adequate fluid intake (AI) recommendations. Methods Data were collected in 32 cities over nine regions from children (4-9 years, n = 388), adolescents, (10-17 years, n = 478) and adults (18-65 years, n = 2778) using a fluid intake 7-day record (Liq.In 7 ); socio-economic status was also recorded. The 7-day mean TFIs were compared with the AI of water set by the Ministry of Health of the Republic of Indonesia. Results Total median fluid intakes for all age groups exceeded 2000 mL/day. At population level, TFI was associated with household income (P < 0.001), education (P < 0.001) and Indonesian geographical regions (P < 0.001). More than 67% of participants met the AI of water from fluids. A higher percentage of children and adolescents met the AI (78 and 80%, respectively), compared with adults (72%). Drinking water was the main contributor to TFI in all age groups (76-81%). Sugar-sweetened beverages (SSB) were consumed by 62% children, 72% adolescents and 61% of adults. An SSB intake ≥ 1 serving per day was observed for 24% children, 41% adolescents and 33% adults. Conclusions A high percentage of the population drank enough to meet the AI of water from fluids. Water was the most frequently consumed drink; however, many participants consumed at least one serving of SSB per day. This study provides data to help direct targeted intervention programs.
Introduction
Nutrition and diet surveys are used to identify public health priorities. With increasing recognition of the role of water and adequate hydration in the prevention [1, 2] and management of diseases [3, 4] , it is essential that such surveys assess total water and fluid intake to inform such priorities. Age-and sex-specific recommendations on adequate intake (AI) of water have been established for many countries, for example, the USA Institute of Medicine [5] . These recommendations for total water intake (TWI) are based on the median intakes of water at population level, while the European Food Safety Authority (EFSA) [6] used data from population-level intakes, desirable volume of water per energy unit consumed, and desirable urinary osmolarity. The Indonesian Ministry of Health applied the same method as EFSA and has published dietary recommendations on the adequate intake of water (Online Resource Table S1 ) [7] .
One of the difficulties that experts face when developing dietary reference values for water is the diversity of environmental conditions including humidity and temperature across countries and regions [8] . Daily water requirements in hot weather (40 °C) can be triple of those in cooler climates (20 °C) for any given energy expenditure [9] . For example, a recent study in Japanese adults [10] reported total water intake to be approximately 10% higher in summer than winter. Water losses and, therefore, requirements may also be influenced by other factors including humidity, air motion and clothing. Therefore, EFSA added the caveat that the AIs 1 3 only apply in moderate environmental temperatures and at moderate physical activity levels [6] . In an archipelago country such as Indonesia with different temperature and humidity among major islands, it is particularly important to collect such data; however, to date there is a paucity of such information.
Recommendations are usually for adequate total water intake (TWI), which includes water from fluids and food (the latter sometimes referred to as food moisture). The water content of food varies considerably; therefore, the contribution of food to TWI will also vary. For example, it has been reported to be 19% in the USA [5] , 40% in China [11] and 51% in Japan [10] . EFSA estimated in 2010 that water from food was 20-30% based on the data available at that time. However, more recent publications have estimated the contribution of food moisture to be 27% in the UK [12] , 33% in the Republic of Ireland [13] and 36% in France [12] . There is a paucity of information on the contribution of water from food to TWI in hot, humid countries. When developing their recommendations for adequate intake of water the Indonesian Ministry of Health estimated that food contributed 20% to daily TWI [7] . This is in agreement with a study in Indonesia that estimated the contribution of food to TWI to be approximately 20% [14] . However, this contrasted markedly with a study from another hot, humid country, namely Bolivia that showed that food contributed an average of 50% to TWI [15] . The authors attributed this to an attempt to reduce exposure to waterborne pathogens.
Access to safe drinking water is an issue in many parts of the world [16] including, perhaps surprisingly, parts of the USA [17] . Lack of adequate safe drinking water supply is not necessarily linked to the overall wealth of the country. However, differences in individual socio-economic status (SES) have been shown to affect the risk of dehydration within a community; lower SES was associated with a higher adjusted odds ratio for elevated urine osmolality, which in turn was associated with differences in access to tap water [18] . In a rapidly developing country such as Indonesia, SES may further influence access to safe drinking water and ability to purchase bottled water.
Collecting data on total water intake has several challenges as it is difficult to obtain complete information on both food and fluid intake over a period of several days, not least due to the burden placed on participants. Fluids account for the majority of TWI and are a key target when developing interventions to increase water intake or reduce energy intake from drinks. To provide more complete data on the volume and type of fluids consumed, the present survey focused on TFI. While information is available on fluid intake from the Indonesian Total Diet Study [19] , the data were collected using single 24-h recalls, which have been shown to significantly underestimate TFI [20] . In addition, these data were not analyzed according to SES. Therefore, the primary aim of the present survey was to report daily total fluid intake (TFI) using a 7-day fluid intake (Liq.In 7 ) record [21] , and the contribution of different fluid types to TFI in Indonesia according to age group, sex, SES and geographic region. Earlier studies [22, 23] compared TWI in Indonesia with the EFSA recommendations [6] ; since then recommendations on the AI of water have become available in Indonesia [7] . The second aim of this survey was to compare TFI with the Indonesian AIs.
Methods

Design and study population
The present analysis reports cross-sectional survey data for children (4-9 years), adolescents (10-17 years) and adults (18-65 years); this survey forms part of the Liq.In 7 study. The method of recruitment, the instruments for data collection and data treatment were harmonized with the Liq. In 7 surveys published elsewhere [24] [25] [26] . The data collection was performed in May 2016; this month was chosen for operational reasons. Temperature and humidity for the study locations were recorded using average daily information, from the following website http://www.timea nddat e.com/ weath er/indon esia and shown in Online Resource Table S2 .
Participants were randomly recruited in 32 cities over nine regions (Bali, Central Java, East Java, West Java, Yogyakarta, Jabodetabek, Sumatera, Kalimantan and Sulawesi; Online Resource Table S2 ) via a systematic door-to-door approach until the quotas for age, sex, habitat (urban/rural) and socioeconomic characteristics in relation to the total country population were met. Total household income, education and employment status were recorded as measures of SES.
Individuals who were not able to read and write in the language of the questionnaire (Bahasa Indonesia) or who were traveling within the next 10 days were excluded. Individuals working in the advertising, marketing, market research, the media, manufacture, distribution and/or sale of water and any kind of beverage were also excluded, as these individuals might be more aware of their fluid intake. Only one individual (regardless of age) per household was eligible to participate. If more than one member of the household was willing to take part the researcher chose the participant based on the need to satisfy the preset quotas. Pregnancy or lactation was not an exclusion criterion. There were no health-based exclusion criteria; therefore, everyone who self-reported themselves as being healthy was included.
Participants were given detailed information about the survey's objectives, their involvement, their rights to confidentiality, risks and benefits, and a clear explanation that participation in the survey was entirely voluntary. All participants gave informed oral consent to take part in the survey. No monetary incentive was offered for taking part in the survey. All data were recorded and analyzed anonymously. The survey protocol was reviewed and approved by the University of Arkansas Review Board (ref. 14-12-376) .
Anthropometry
Height (m) and weight (kg) were measured by the researchers using suitably calibrated portable height measure and portable digital scales (GEA model number BR9202) using standard procedures [27] . The body mass index (BMI) was calculated (kg/m 2 ) for adults and BMI z-score for individuals ≤ 18 years.
Assessment of total fluid intake and the different fluid types
Participants were provided with the Liq.In 7 record; a 7-day fluid-specific record validated for accuracy and reliability, although not in the Indonesian population [21] . The Liq. In 7 record was presented in the official country language. A paper version of the record was delivered and explained to the participants during an interview at home. After a period of 7 days, the record was collected by the researcher after checking for completion with the participant. The Liq.In 7 record was structured according to 12 occasions throughout the day including; awakening, meal times and periods, between meals and during the night. The participants were instructed to report all drinking events at any moment of the day with the following details: fluid type, size of the container from which the fluid was drunk, actual volume consumed, where the consumption took place and if the fluid was consumed with or without food. Food consumption was not recorded. To assist the participants in estimating the volume of fluid consumed, a photographic booklet of standard fluid containers was also provided. For children younger than 12 years, the primary caregiver was responsible for completing the record.
Classification and analysis of fluid types
The fluids recorded were classified into the following categories: water (tap and bottled water); milk and milk derivatives; hot beverages (coffee, tea and other hot beverages); 100% fruit juices; sugar-sweetened beverages (SSB) including carbonated soft drinks (CSD); juice-based drinks; functional beverages, e.g., energy and sports drinks; ready to drink tea and coffee; flavored water; artificial/non-nutritive sweeteners beverages (A/NSB) (diet/zero/light soft drinks) and other beverages. Full details are given in Online Resource Table S3 . A participant was defined as a consumer of a certain fluid type if this fluid type was consumed at least once during the 7-day period. Volumes of all categories were summed to give TFI. The proportion of individuals drinking ≤ 1 serving (250 mL) of SSB per week, 2-6 servings of SSB per week and ≥ 1 serving/day intake of SSB was calculated (Online resource Figure S3 ). These cut-offs were obtained from meta-analyses associating such intakes with potential risks for the development of obesity, type 2 diabetes and metabolic syndrome [28] [29] [30] .
Comparison with adequate intake of water from fluids
The observed 7-day mean TFIs were compared with the AI of water from fluids set by the Ministry of Health of the Republic of Indonesia [7] to determine the percentage of individuals in each age and sex group with TFIs meeting the AIs. The AIs for TWI were reduced by 20% to account for water in food; henceforth, this will be referred to as AI of water from fluids. Previous research has shown the contribution of food moisture to TWI to be approximately 20% [14] ; the Indonesian Ministry of Health also estimated that food moisture in Indonesia was 20% when the AIs were developed [7] . The cut-offs for AI of TWI and total water from fluids can be found in Online Resource Table S1 . To allow comparisons with previously published data from the Liq. In 7 surveys, the comparison between observed intakes and the AI of water from fluids set by EFSA is also provided in the Online Resource Figure S1 [6] .
Statistical analysis
The demographic and anthropometric characteristics of the survey population are presented either as means and standard deviation for continuous variables, or numbers and percentages for dichotomous variables. Participants who did not complete the full 7-day fluid record and/or participants reporting a mean total daily fluid intake below 0.4 L/day, or higher than 6 L/day, were excluded from the analysis. No weightings were applied to the data. All intakes were skewed data (Online Resource Figure S2) ; therefore, TFIs are presented as medians and percentiles; mean and standard error of the mean (SEM) are given for completeness. The intakes of the different fluids are presented as median (25th − 75th percentiles) (Table 3 and Online Resource Table S4a -c). The mean and standard error of mean (SEM) of the different fluid types can be found as Online Resource Tables S5a and b . Intakes are estimated values for all participants, including non-consumers. Between-group comparisons were tested by Wilcoxon rank tests for continuous variables. All statistical tests were two tailed and as there were multiple comparisons, the significance level was set at P < 0.001. All analyses were performed using the SPSS software version 22.0 (SPSS Inc, Chicago, IL).
3
Results
Sample description
The demographic and anthropometric characteristics of the survey population are shown in Table 1 . The mean ages of the three groups (children, adolescents and adults) were 6.4 (± 1.7), 13.4 (± 2.3) and 35.5 (± 12.1) years, respectively. The mean BMIs were 21.7 (± 14.4) kg/m 2 for children, 22.3 (± 16.2) kg/m 2 and 23.2 (± 5.5) kg/m 2 for adolescents and adults respectively. Household income was similarly distributed for all age groups. The regions of Jabodetabek (an urban area of Jakarta) and Sumatera represented over 40% of the sample, while Bali and Yogyakarta represented less than 6% in all age groups.
Daily total fluid intake
The daily TFIs for each sex, age group and geographic region are shown in Table 2 ; there were no significant differences by sex in any age group. However, there was a variation of over 1.5 L/day in fluid intakes for all age and sex categories. Total median (25th-75th percentiles) fluid intakes for the three age categories were 2156 (1430-2896) mL/ day and 2080 (1436-3164) mL/day for boys and girls aged 4-9 years; 2460 (1674-3164) mL/day and 2379 (1627-3012) mL/day for males and females aged 10-17 years and 2553 (1822-3402) mL/day and 2640 (1836-3515) mL/day for adult men and women, respectively. TFI was significantly different (P < 0.0001) between Indonesian regions.
Comparison of total fluid intakes with adequate intakes set by the Institute of Medicine, Indonesia (2014) according to age and sex categories Figure 1 shows the proportion of participants who drank more or less than the Indonesian AI of water from fluids (Online Resource Table S1 ) [7] . Online Resource Figure S1 shows TFI compared with the AI of water from fluids set by EFSA [6] . In all age and sex categories, at least 67% of participants met the AI of water from fluids. Table 3 shows the number and percentage of participants meeting or exceeding the recommendations according to region, household income, education level and employment status. Across the age groups, West Java had the lowest number of participants meeting or exceeding the AIs. The number of participants meeting or exceeding the AI increased with income for adults although this was less apparent in children and adolescents. Neither education level nor employment status appeared to influence the number of participants meeting or exceeding the AI. Children not meeting the AI were drinking less than 315 mL/day than the recommendations. This increased to 399 mL/day for adolescents and 531 mL/day for adults.
Daily intake of different fluid types
All participants drank water, which represented 77% of TFI in children, 78% in adolescents and 80% in adults (Fig. 2) . Table 4 shows the median daily intakes of the types of fluid and percentage consumers for each age group. These data were highly skewed as shown by the interquartile ranges. A higher percentage of children and adolescents drank bottled water than boiled tap water. This pattern was different in adults with an intake of 617 mL/ day of boiled tap water and 480 mL/day of bottled water. The percentage of individuals consuming hot beverages increased with age (33% of children, 53% of adolescents and 73% of adults) although volumes consumed were comparatively small; tea was more frequently drunk than coffee. Consumption of milk and its derivatives decreased with increasing age. Sugar-sweetened beverages were consumed at least once a week by 62% children, 72% adolescents and 61% of adults, with ready-to-drink tea being the most frequently consumed SSB. Data according to age group are shown in Online Resource Table S4 a-c. In the total survey population, 41% of children, 29% of adolescents and 41% of adults drank ≤ 1 serving of SSB per week. An intake of 2-6 servings of SSB per week was recorded by 34% of children, 29% of adolescents and 26% of adults. A higher proportion of adolescents, children and adults consumed ≥ 1 servings of SSB per day (41, 24 , and 33%, respectively) ( Figure S3 in online resources).
Associations between type of consumed and measures of social economic status
There was a gradient in consumption of bottled or boiled tap water (Table 5 ) with participants in the highest income bracket consuming significantly more bottled water (P < 0.0001) and significantly less tap water (P < 0.0001). There was a low median (25-75th) intake of 34 (0-1162) mL/day of bottled water in the lowest income households. A similar gradient was observed between education level and types of water consumed with participants in the lowest education group consuming significantly more tap water (P < 0.0001) and significantly less bottled water than participants in the two most educated groups (P < 0.0001) ( Table 6) . No relationship was observed between type of water consumed and employment status (Table S7 in Online Resources).
Discussion
This cross-sectional survey reports TFI and fluid type for children, adolescents and adults aged 4-65 years in Indonesia in an attempt to study the fluid intake pattern across nine regions of Indonesia. In the present survey, 67-80% of participants reported daily TFIs that met the Indonesian recommendations on adequate intake [7] . These rates are higher than previous data from Indonesia 55-70% [22, 23] where EFSA recommendations were used [6] . While undoubtedly the use of Indonesian recommendations is more appropriate and may account for the differences reported, there are other possible explanations. For example, recently there has been an increased emphasis in promoting the drinking of water in Indonesia. Water, as opposed to fluids generally, is now included in Indonesia's food-based dietary guidelines Tumpeng Gizi Seimbang (TGS, Balanced Nutritional Pyramid) [31] . While this, and other, campaigns may have increased public knowledge and awareness of healthy hydration, to date there are no published evaluations of the impact these initiatives may have had. Improved access to drinking water may also have been a factor in this apparent increase in participants meeting the recommended AI for water from fluids. However, improving access to water for drinking and sanitation is a health priority in Indonesia [32] and access to, at least, basic drinking water has increased from 70% of the population in 1990 [33] to nearly 80% in 2015 [16] . Despite this, there are still disparities in access due to geographical and socioeconomic differences [34] . However, it is also important to consider the representativeness of the present study as this increase may be due to the voluntary nature of participation, which, by default, leads to a select group of participants who may have been better motivated to consume higher volumes. Data from another Indonesian study conducted, under varying climatic conditions, showed intakes for adolescents and adults similar to the present study [35] . However, it should be noted that the areas surveyed in both studies although overlapping are geographically and, therefore, climatically different. In addition to the differences in sample size, the age ranges were also different (10-17 vs. 15-18 years and 18-65 vs. 19-55 years); younger children were not included in the earlier study. Another cross-sectional study of urban school children reported similar intakes to the present study [14] . The study by Hardinsyah et al. used a 7-day recall (semi-quantitative food frequency questionnaire) [35] , and the second study 2-day, 24-h recalls [14] ; neither methodology was validated for assessing TFI. The more recent Indonesian Total Diet Study [19] reported an average TFI of 1317 mL/day, with adults having an average intake of nearly 1500 mL/day. It is interesting to note that despite the volumes reported in the aforementioned study, nearly half of Table 4 Median (P25-P75) daily intake (mL/day) of different types of fluids, and the percentage of consumers of every category, among Indonesian children (4-9 years), adolescents (10-17 years) and adults (18-65 years)
SSB sugar-sweetened beverages; CSD carbonated sweetened drinks; RTD ready to drink, A/NSB artificial/non-nutritive sweetened beverages the population was described as dehydrated based on urine specific gravity and symptoms of dehydration [19] . Secondary analysis of these data found that the dehydration risk was related to ecological (geographical) area and fluid intake [36] . The present survey also showed that geographic region was significantly associated with TFI. As hydration status was not assessed in the present study, no association between the TFI and dehydration risk could be assessed. However, it is important to note that while the majority of participants in the present study met, or exceed the recommended AIs, those not drinking enough to meet these recommendations would need to drink between 351 and 531 mL/day (at least one to two servings) depending on age. Given the association between ambient temperature and urine specific gravity [37] , it is vital that more research is conducted to further elucidate the effect of climate, including ambient temperature and altitude on TFI and the risk of dehydration, especially in those not meeting AI recommendations. Socioeconomic status may influence several factors associated with fluid intake including access to safe tap water, ability to purchase bottled water and other drinks, access to heating facilities to boil water for drinking and air conditioning. In the present survey, TFI was related to household income and education, not employment status. SES has been associated with risk of dehydration and access to clean tap water in American countries [18, 38] . Several studies have also shown socio-economic differences in patterns of different types of fluid intake, with lower SES being associated with higher consumption of sugar-sweetened beverages [39] [40] [41] . Unfortunately, fluid type was not analyzed in relation to any measure of SES in the present survey as small numbers in some fluid type groups meant that further analysis would have been meaningless. It is important to recognize that the interpretation of the influence of SES on TWI and the types of fluid consumed is confounded by factors that may or may not be included in the definition of SES. For example, a recent analysis has shown that TWI was affected by education level, ethnicity and place of birth [42] .
Water was drunk by all the participants in the present survey. Earlier studies in Indonesia have also shown that water was the largest contributor to TFI [14, 35] . Intake of SSBs was low in the present survey compared with previous Indonesian studies [43, 44] although 24% of children, 41% of adolescents and 33% of adults reported consuming at least one serving per day. The intake of this amount of SSB has been associated with a 25% increased future risk of type 2 diabetes [45] . In addition, obesity is a significant risk factor for type 2 diabetes; the consumption of SSB was also independently and positively associated with and increased risk of obesity [46] [47] [48] and cardiovascular disease [28, 49] . Because of the high risk of overweight and obesity in Indonesia [50] [51] [52] and a predicted rise in the prevalence of diabetes [52] there has been a call for policies to address the increasing prevalence of type 2 diabetes [53] and the amount of sugar in SSB [54, 55] . However, a recent review has identified the need for a nationwide nutrition survey in Indonesia using appropriate methodology, before developing such policies [56] . The present study may, therefore, This study has several strengths; perhaps the most significant being the use of a standardized methodology that has been validated, although not in Indonesia, for assessing TFI against total body water measured by deuterium dilution [21] . The sample size was particularly large and included participants from most of the Indonesian islands. However, it is important to acknowledge possible limitations. As with all dietary surveys, the sample may have been biased towards those people most interested in this topic and/or in their diet and health and those willing to complete such research. In addition, the present sample may not be truly representative of the total population; the eastern part of Indonesia was not represented, and the sample size in some regions was small. Moreover, compared with the 2011 statistics of the Indonesian Central Bureau of Statistics (BPS), the survey sample contained fewer individuals with a lower SES and living in rural areas than the national population. In addition, these data were collected using survey procedures and as such not weighted; therefore, its representativeness of the country's population may be questioned. The levels of overweight and obesity for adults were comparable with published figures [53] although higher than WHO figures for children [57] . Conversely, the levels of underweight for children in the present survey were substantially lower than has previously been published [55, 57] . Again, this may be a reflection of underrepresentation in lower SES groups and in rural areas. Physical activity level and occupation will greatly influence fluid intake; however, activity was not recorded in this survey. Due to the methodology with parents/carers completing the record for children under 12 years old, there is a greater potential for intakes to be under-or overestimated. No information was collected about food consumption during the study period and, therefore, it was not possible to estimate the contribution of food moisture to TWI for this population sample. While food moisture was estimated to be 20% of TWI in the current analysis, more research is needed to confirm or refute this assumption. It should also be acknowledged that it is not possible to draw any conclusions about the hydration status of the participants as no biomarkers of hydration were measured. The present survey was conducted in May and intakes may not be representative of consumption at other times of the year especially in such a hot, humid country.
Conclusions
The present study presents data on volume and type of fluids consumed over a 7-day period in a large sample of the Indonesian population aged 4-65 years. The majority of the survey population drank enough to meet or exceed the Indonesian recommendations. However, in those not meeting the recommendations, an extra 351-531 mL/day (1-2 average servings) would need to be consumed to reach the recommended intakes. The most frequently consumed drink was water in all age and sex categories, although a significant percentage of individuals consumed at least one serving of SSB per day, a level of consumption that has been associated in different studies with an increased risk of type 2 diabetes and obesity. With rapidly increasing levels of type 2 diabetes in Indonesia, this study highlights a possible contributing factor and suggests possible targets for intervention.
